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7i2WilLs COVE

Deterioration of Wood

By Marine Boring

By H.TIH P DR 2215

Fntroduction TIPDR E

T"HE DESTRUCTION, by marine
boring organisms, of wooden struc-

tures exposed to the sea has plagued man
Figure t--rened larvae, since the dawn of history. Although many

devices have been employed to combat
their destructive activities, marine boring J
organisms cause an estimated 50 million
dollars worth of damage each year to About0 water front structures along the coasts the
of the United States. In addition to these
costs is the inconvenience that occurs Author
when piers and ships are removed from
service during their reconstruction period.

The rate at which untreated timbers
can be destroyed by marine boring organ-
isms can be illustrated by a situation that HARRY HOCHMAN Is Directorof the Chem-

n, Figure 2-Adult Teredo containing larvae, occurred in Hawaii and was reported by istry lWyision, Research Department, at theU. I Civ I Engineering Laboratory,
Dr. C. H. Edmondson of the Bernice P. Port l•hme, Cal., where his principal in-

tBishop Museum! terests ire In the fields of corrosion, protec-., BshopMusem.'tive, coatin~gs and deterioration of wood In

In the process of laying an outfall marine environments. He received a BS Chem
sewer off Sand Island in Hawaii, a long and MS193frOndUiversity f Minnesotari 1934Uni
trestle was constructed of untreated Doug- varsity of California at Los Angeles in 1950.
las fir from which the heavy equipment He is a member of ACS, AIC, AAAS. and- required to handle the huge concrete pipe

was to operate. Danger from marine
borers was realized, but since the project
was to be completed in eight months, the

• > - construction company considered the use Abstract
of treated structural timbers aniy unnec- Most untreated woods are readily attacked

by marine boring organisms. Some woodsFigure 3-Adult Teredo and Dankla. essary expense. In 70 days, sections of are Catuiralj resistant to attack by some borer
the trestle collapsed, plunging consider- sUirs anh ser.e wl in some harbors.

Preent standard wood presrrvative treat.
able heavy equipment including diesel ment, creosote or creotote-coal tar impreg-
engines into the sea. 'he equipment was nation, is satisfactory in arctic and temn-
recovered, but valuable time was lost in perate waters but does not give long-termprotection in tropical and sub-tropical
removing what was left of the tiestle and waters. Although creosote prevents attack
completing the job from floating barges. by the Teredine or shipworm et of seieS~ripe borer and by two of the three bpccies

of Linmnoria c'rut in U1. S. harbors, one

Natural Resistance of Wood . species, Limea a tripunctala, which thrives
in warm waters, successfully attacks creo-

All wood species tested for resistance soted wood. Because many Navy waterfront
structures are located in areas where earlyto marine boring organisms have been failure of creosoted wood occurs, the Bureau

damaged by these organisms. The rate of Yards aid Docks is investigating the mna-

of damage, however, varies considerably rise borer problem. 3.3.3
for different species and in different
harbors.

Douglas fir is readily attacked by ma- four years at Saleml, England, and failed
rine borers' as are most native American in Java, India, in five to ten years.''
wood species used for marine piling. In addition to the variable resistance
There are a few woods, however, that to marine borers of'ed by resistant
ha,,e gained reputations for resistance to woods in various harbors, the same species
marine borers. Among these are the South of wood grown on different soils may dif-
and Central American woods Greenheart fer considerably in both .composition and
and .Angclique and the Australian ttir- resistance. Turpentine wood, Syncarpia
pentine wood. laurijolia, is used extensively as a pile

Although resistant woods may with- timber in Australia. In exposure tests in
stand borer attack for long periods of Honolitid harbor, Australian grown tur-
time in some harbors, they are readily pentine wood was lightly attacked by
attacked in other harbors. For example, Teredo and showed moderate superficial
Greenheart piles rated as being in good action by Limnoria after four years.
condition after 80 years in the harbor of Blocks of the same species grown in
Liverpool, England, were attacked in Hawaii were oftefi badly damaged in five

months. Chemical anals,:'s showed the
*rSubnitintd for publication March 3, 191.. A Australian grown wood to contain tip to

Wpaper pirsesnted at a meeting vd the Westi.si 1.25 percent silica; the maximum silica
KRegia, National Assoiation of Clor-Osioo ri .En sFigure 4-Limnorla frlpuncfoto, ventral view. gittrr.,. San Diego, Cal., Oct. 23-25, 167. content of Hawaiian grown wood was
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0.17 percent. The averages of a number of a termite. They are responsible for the The female carries the eggs in a brood
of samples were 0.59 percent and 0.091 wood destruction readily visible on surface pouch on the underside of the body be-
percent, respectively. inspection of wood. tween two rows of legs. The number of

Some correlation seems to exist be- eggs in a single brood is seldom less than

tween the silica content of wood and its Life Cycles six or more than seventeen. When
resistance to marine borers. Woods with The molluscan or teredine borers begin hatched, the young differ only in size
a high silica content, with few exceptions, their existence as free-swimming larvae, from the adult and are ready to bore at
are more resistant than woods of low shown in Figure 1. The two Teredo once. They begin to bore near the parent
silica content.' To determine the effects species, Teredo navalis and Teredo die- so that Limnoria infestation generally
of increasing the silica content of wood, gensis, found on the West Coast of the spreads from a center. Heavily infested
southern yellow pine blocks were impreg- United States, are bisexual. Fertilization wood may contain 300 to 400 animals of
nated with silica. The borer resistance and development of the larvae occurs all ages per square inch.
was increased. Untreated blocks were within the body of the animal, and the Three Limniaria species arc found along
destroyed in three to six months while mature larvae are ejected into the sea the western coast of North America.',9. "
panels impregnated to a high silica con- through the excurrent siphon of the ani- They are shown in Figure 5. The species

tent were -' / lightly damaged after two mal. At this stage the larvae of Teredo Limnoria lignorum is found from Alaskan

years. Unfortunately, although the re- diegensis, the only species identified at waters as far 'outh as Point Arena, Cali-
sistance to wood borers had increased, Port Hueneme, are about 250 microns fornia. Between Point Arena and Port

the resultant product appeared to be (0.01 inches) in diameter. They must at- flueneme or Los Angeles, California, the

suiiable for rock boring pholads. A num- tack wood within 48 hours or they lose predominant Limnoria species is Lim-

her of panels were severely damaged by their ability to bore successfully into wood. noria quadripuncoata, and Linnoria tri-

these animals. They crawl on the strface of the wood punctala is the principal species in Los

Some resistant woods do not have a by means of an amoeboid projection called Angeles harbor and southward. The re-
high silica content. Examples of such the foot until they find a place suitable for lationship between Limnoria species and

woods are Greenheart and Lignum vitae, boring. Once an animal has bored into water temperatures has been pointed out

The re:istance of some 4f these woods wood, its life cycle is completed in that by Menzies. The Limnouia lignorum re-

has been attributed to their alkaloid con- piece of wood. quires cold waters, Lirnnoria tripunctata

tent' and the author's laboratory is now Four significant changes now take requires warm waters with Limnoria

engaged in isolating and identifying the place: (I) A serrated projection de- quadripunclata requiring an intermediate

alkaloids of Greenheart. velops at a 90-degree angle to the original temoerature.

It should be noted, however, that in shell hemispheres; (2) Siphons develop The largest crustacean known to dam-

to case have woods of high silica con- which permit the animal to pump sea age -wood .is the Sphaerena.-While their

tent been low in borer resistanc-'qishougli water .hrough its body; (3) The clear burrows are much larger than those of

a few woods of low silica content may chitin nuell of the larva starts to calcify; Limnoria, the animals themselves are not

be, resistant because of their alkaloid con- and (4) The animal begins to elongate as numterous nor as destructive. They are

tent or for other reasons. t(14te 2) with the shell or boring en] reported to exist along the Pacific Coa:t

It cal be seen from the preceding di- pro dn into the wood and the siphon as far north as Alaska and have been

cission that naturally resistant woods cats end raittisiri'g at the original site of pene- found in test boards outside San Fran-

cwused furt waterfront stnturesi inosoms c alti on.. cisco Bay. They appear to prefer very

harbors, but the stuber of harbors in -iPThe;:'oU B'ankia species of any sig- soft wood and do not constitute a seriousharbors, but tit,; number o Iab r ,n•,ma rel t.#-,est.. •-'• " coast of be United economic problem.

which they cmi be used without prelimi- tnihcani ,o •_eat¢ coast o dieUo

nary investigation is comparatively small. Stat :ls*,:]" be r shown in Figure

The term marinte borer has been gen- and 3s'e,,!" • bets of this genus, Examination of Damage

era!lv used to include those marine . o ... . Examination of a cleaned block of V,-

invertebrates drill into andcome- adult amam s •,• mand eggs into inch laminated souther-n yellow pine that

que,.nly damage timber and otheraoloid 6So takes place- had been exposed in Hueneme harbor for

objects ii salt water. Other destructive are de- eight months, Figure 6, shows little stnic-
marine barers may cause considerable o-d.' , nosh Thefo larvae de- tural damage caused by marine boring

,'cononuic loss to induhstry, such as the bor- veil' onth. L-efore they are erganisms. Figure 7 is a magnified view

ing sponge which perforates the shells of ,_,After woodis at- of Limnoria in their burrows just below

"oysters. in this paper, the definition will ' larametamorphose the surface of untreated wood.

eretrictdtohosearinein ssiilar to thatotha'd_ Close examination of the block whilebe restricted to those marine invertebrates. efdt•

which attack wooden structures. Nar fartetaa.rEeý is still in the sea water, Figure 8, shows
,-,.ste.-w UnitedVState.,• ! e siphons of the teredine borers pro-a#& fotyn J11 Inl H Z;•domet . .. srac, teo

Marine Borer Groups 7 ~,, f _1 jecting from the surface. This is thc only
ist'nds. V ise 'artz1 ", C dence of the presence of the shipwormn

The animal organisms responsible for Tiredine borers. I surface

the biological deterioration of wooden spect: the metamorphosis into a wo ins- tpection of the block. Even these, how-
muarinie stnuctures are members of two like structure does not take plaCe. Asa ivrmp ayinofth blok sevenuls these hlock
main groups. The first group is composed result, the animals burrow just below the ever, may not be seen uen less the block
of animals from the phylum Mollusca. In surface, enlarging the burrows as they h u nan etrmvfui
their larval stages, they are oyster or clam- grow. Srgani h kp.

like in appearance and metamorphose The crustacean bIorers resemble a sow Sawinu e the block into tso parts, Fig-

int', worni-like animals as they bore into bug inaprncFge4.Tems tire 9, or separating the lamina, Figurent wood. lkeani mals oths pthylum bore rnte bu in appearance, Figure 4. The most 10, shows the severe structural damage

ss'ood. Mem,'rs of this phylum are re- common wood borers of this class are 1
sponsibhe for tihe rapid destruction of tim- members of the genus Liinnoria, also which the shipworms have caused. The
hers exposed in a marine environment, known as the gribble. The body of the laier holes are caused by Iankia sctaca

"T'!:, particular genera involved ate the animal is fronmi/asinch to ,-inch its which, in Hueneme harbor, can grow to

Teredo and Bankia of the family Tere- length and is about one-third as wid a length of 10 to 12 iiches in eight

dinidae and the pholad Martesia. Their seven pairs of legs have sharp, thr . The smaller holes are caused by

The second group of organisms is corn- hooked claws which enable tise animals Tercdo present iu I lueneme harbor, where

priwd mainly of species of the genus to cling to wood and move freely on its they seldom grow to lengths of more than

I.imnoria and in some harbors by mene- surface. They burrow just below the stir- 5 or 6 inches.

hers of the genus Sphacroma. They are face of the wood and form a series of
shrimp-like in appearance, ahout iH-inch tunnels. Menzies4 found that at a low Methods of Treatment

to V4-inch long, and generally burrow population density there are only two Since man first recognized the ship-

inst. beneath the surface of the wood. animals in each tunnel, one tmale and worm problem, many remedies have been

These animals have been described as one female, with the female in the bllind tried. The earliest means of combatting

having the body of a shrimp and the head end of the tunnel. borers probably consisted of anchoring



DETERIORATION OF WOOD BlY MARINE BORING ORGANISMS

Figure 5-IUmnolda *peie: fignorum, tiIpuncl tat
and quadripunctata.

'ps upstream from river estuaries. In Figure 6-Exterior of laminated test block.
t• F-dition to killing any shipworms that

"" 441 'ere in the wooden hulls, this procedure
0lso caused fouling organisms to drop off

of the sides and bottoms of the vessels.
" * i As ships traveled fqfther and further

from shore and wer~away from their
harbors for longer periods of time, oth%
procedures were inaugurated. These ir-'
cludcd such practices as applying brews
and concoctions of many kinds, metal
sheathing and scupper #4iling. Sorne eo
these Miethods have persisted for many
years. Fishermen in Iran, for example,
sti3l b)rinr. their fishing vessels out of the

i, water priodically and apply a concoc-
tion prepared from local berries to the
enire hull.

The most satisfactory method which
has been dAveloped for the preservation
of wood in a marine environment is the
practice of creosoting. In some harbors,
especially the cold water harbors, cre-
osoted timbers have lasted 30 years and
more. In warmer harbors, however, cre-
osoted pilings, just like some of the nat-
urally resistant wods, do not last longerthan 10 to 15 year.. More recently tile .practice of incorporating coal tar into

creosote has given protection for longer %gure 7--Lmno.,a burrows in untreated pine.
periods of time.

The incidence of early failure of cre-
osoted timbers coincides to a considerable
extent with the presence of Limnoria
tripunctata. These animals apparently can
live in the presence of high concentra-
tions of creosote, as seen in Figure I1.
As they erode away the creosoted surface,
the lightly treated or untreated portions
of the structure are exposed. The stnic-
lure can be attacked now by the shipworm
type of organism and is destroyed in a I6
relatively short period of time. Any new
treatmept should, therefore, be aimed pri- Figure 9-Interlor of laminated test block.

marily at the Limnoria species of borer.
Admiral E. V. Dockweiler and Carrel

M. Wakeman of the Los Angeles Harbor
Department have allowed the author to
present the following account of a pier
in a Limnorta infested area of Los An-
geles Harbor:

"In the year 1913, or the early part
of 1914, a number of Douglas fir piles
were driven in the wharf systeml at Figure 8-Siphons of Teredine borers.
Berths 57-60, Los Angeles Harbor. They -

were given a nominal 16-pound treatment
with Grade I creosote. These piles were 1939, after 15 years service, this wharf
removed in 1924 because of a change in suffered a complete collapse, again be-
the design of the wharf facility, but it cause of the ravages of Litnnoria." Figure IO--Separation of laminations of test block.
was noted that deterioration caused by When the pier collapsed, shown in
Litnnoria attack was in advanced stages. Figure 12, a railroad car of scrap steel piling of sufficient durability in tmwny
A new apron wharf was constaritetd at was deposited at the botton (of the har- harbors, ntnerotis other treatmnlt,nm have
(lit same location iii ithe same year (iising bor. been evaltated as marine borer det,'r-
16-pound creosoted D)ouglas fir piles). In Because creosoting does not produce rents. Among these are a number of



Figure lI--Llmnoria burrows on creosoted pile. Figure 12-Wharf destroyed by borers after 15 years in Los Angeles Harbor.

copper-containing compounds such as quadripunctata are present in Hueneme 3. The treating materials must be
copper naphthenatc, copper pentachloro- harbor, the essentially pure culture of stable in a marine environment and must
phenate, copper fluoride and copper ar- Limnoria tripunctata used in the screen- not be altered to a less toxic material.
senate. In all instances, where sufficient ing tests is obtained from creosoted piles Thus, mercuric chloride is very toxic to
exposure data are available, these treat- that have been in the harbor for several borers, but the hydrogen sulfide present
ments fail after a few years. Impregna- years, in almost all harbors would detoxify this
tion with several plastics has shtown some Third, the effects on these animals of substance by converting it to the non-
promise. Woods, however, differ widely environmental conditions, such as tem- toxic mercuric sulfide.
in their ability to take such treatment. perature and salinity, are being studied. 4. The preservative must penetrate the
No treatment other than the incorpora- Attempts are being made to correlate the wood readily and not be filtered by the
tion of coal tar in creosote has demon- results of the toxicity tests with physio- wood surface.
strated a superiority to creosote. In some logical functions as another means of de- 5. The preservative must not decrease
instances more testing must be done be- veloping more potent toxic agents. the structural strength of the wvood.
fore complete evaluations can be made. Fourth, the factors involved in the re- 6. The preservative must not be corro-

tention of chemicals by wood are being 6. the fasenings.
Current Research htudied because an extremely toxic agent s7ve to metal fastenings.

Because of the extensive waterfront is of little value if rapidly7. The preservative must be inexpen-
structures required by the Navy, the Bu- of the wood. sive.

reau of Yards and Docks has instituted a Finally, those compounds which merit References
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